Essential oils from species of the genus Hyptis are well-known for their significant biological properties, including antimicrobial and acaricidal activities. The essential oil from the aerial parts of H. crenata was obtained by hydrodistillation; borneol (17.8%), 1,8-cineol (15.6%) and p-cimene (7.9%) were characterized by GC-MS as its major constituents. The essential oil was evaluated in vitro for its antimicrobial activities against six fungal and five bacterial strains, by measuring the respective MICs, MFCs and MBCs, using broth microdilution methods. The strongest bactericidal activities were shown against Staphylococcus aureus and Enterococcus faecalis, while the strongest fungicidal activities were against Cryptococcus neoformans, Candida glabrata and Candida tropicalis. The oil was also assessed for its anti-tick properties and, at a concentration of 2.5%, it significantly inhibited in vivo oviposition of engorged females of the cattle tick Rhipicephalus (Boophilus) microplus, using the adult immersion test., with an effectiveness of 94.4%.
The current problems associated with the use of antibiotics in the treatment of fungal and bacterial infections, such as increased antimicrobial resistance, have stimulated the interest in investigating plants as likely sources of novel antimicrobial agents effective in inhibiting the growth of these microorganisms.
Likewise, plant-derived compounds have been shown to play an increasingly significant role in the field of tick control as an alternative strategy to commercial synthetic acaricides, due to the undesirable effects of the latter on non-target organisms and the environment, as well as the widespread development of tick resistance caused by their indiscriminate use. Ectoparasites of livestock cause great economic loss in tropical and subtropical regions of the world. Among these, the cattle tick, Rhipicephalus (Boophilus) microplus Canestrini, 1887 (Acari: Ixodidae), constitutes a major problem for the cattle industry, being responsible for reducing weight gain and milk production, blood spoliation, in addition to transmitting pathogens that cause bovine babesiosis and anaplasmosis [1a-b] .
Plant extractives, such as essential oils from Hyptis species, are well-known for their biological properties, including antimicrobial and acaricidal activities [2a-b] . H. crenata Pohl ex Benth is an herbaceous plant occurring in distinct Brazilian biomes, namely Amazon, Pantanal and Cerrado. The essential oil composition of specimens of H. crenata growing in the Brazilian Amazon and Pantanal regions was previously reported [3] . However, there are no previous reports on the chemical composition, antimicrobial activities, and anti-tick potential of the essential oil from this species occurring in the Brazilian Cerrado. Therefore, the present work provides the first report on the volatile oil composition of the aerial parts of H. crenata growing in the aforementioned biome, its in vitro activities against six fungal and five bacterial strains and its efficacy against engorged R. (B.) microplus females.
Hydrodistillation of the aerial parts of H crenata gave a pale yellow oil with a very strong and fragrant odor, in 0.6%, w/w, yield. Altogether 33 compounds in concentrations higher than 0.1% were identified, accounting for 75.8% of the total oil composition (Table  1) . It was characterized by the predominance of monoterpenes (63.5%), of which borneol (17.8%), 1,8-cineole (15.6%), p-cymene (7.9%), -terpinene (5.3%) and -pinene (4.0%) were the major components. Borneol and/or 1,8-cineole were found as constituents of the oils from four of the five specimens of H. crenata from the Amazon region [3a-b] , while the percentage composition of the dominant components of the oil from the specimen occurring in the Pantanal differed from those of the aforementioned specimens by the presence of camphor, -pinene, -pinene and -caryophyllene as the most abundant components [3c].
The minimal inhibitory concentration (MIC) was used to express the antimicrobial activities of the essential oil of H. crenata against six fungal and five bacterial strains, and its fungicide and bactericide activities were confirmed using the minimal fungicidal concentration (MFC) and the minimal bactericidal concentration (MBC), respectively. The data depicted in Table 2 show that the oil was active (MIC  250 g/mL) against nine out of the eleven microorganisms evaluated (all six fungal strains and three bacteria). The strongest activities were observed against Cryptococcus neoformans and the Gram-positive bacteria Staphylococcus aureus and Enterococcus faecalis (MIC = 62.5 g/mL). Noteworthy were also the MFC and MBC values obtained against the above mentioned nine microorganisms, since they were equal to or only two times those of the respective observed MICs (MFC/MIC and MBC/MIC ratios of 1 or 2), thus providing evidence of clear fungicidal and bactericidal effects of the oil at concentrations ranging from 62.5 to 500 g/mL [4] . Borneol, the major component of the essential oil of H. crenata in the present work, as well as essential oils having borneol among their dominant constituents, have been reported to have antimicrobial properties [5a-d] .
The results of the in vitro efficacy of the essential oil against engorged females of R. (Boophilus) microplus using the adult immersion test are given in Table 3 . Although the oil was not effective in hatchability inhibition at the concentrations tested, it significantly inhibited egg-laying, as shown by the low percentage values of egg conversion. So, these data resulted in a product effectiveness of 94.4% and 76.1%, at concentrations of 2.5% and 1.0%, respectively. 
Extraction and isolation of oil:
Fresh aerial parts (100 g) were subjected to hydrodistillation in a Clevenger-type apparatus for 4 h. The oil layer was collected, dried over anhydrous sodium sulfate and stored at -18 o C until GC/MS analysis and bioassays.
Gas chromatography-mass spectrometry: GC/MS analysis was carried out using a Shimadzu QP5050A equipped with a CBP-5 capillary column (30 m x 0.25 mm, film thickness 0.25 m), under the following conditions: helium was the carrier gas at 0.8 mL/min; the injector temperature was 250 o C; the oven temperature was programmed from 40 o C, with an increase of 2 o C/min to 250 o C for a total run of 50 min.. A 0.1%, v/v, solution of the sample in ethanol was injected (1 L) and the split ratio was set as 1:100. MS were recorded in electron impact mode at 70 eV and the conditions were as follows: ion source temperature was 250 o C and full scan spectra were acquired over the range of 40-500 u. The percentage of each oil component was calculated on the basis of GC peak areas normalization measurement. Identification of individual constituents was made by comparison of their respective retention indices (RI) relative to a series of C 9 to C 22 n-alkanes and also on the basis of a MS library search (Wiley 7) and MS/RI literature data [6] . determination of the minimum fungicidal or bactericidal concentration (MFC/MBC) [8a-b] . MIC was defined as the lowest concentration of the essential oil at which the microorganism does not demonstrate visible growth. Tests were performed in duplicate and repeated once. In order to achieve more accuracy in the determination of the MIC values, the broth dilution method using resazurin to detect microorganism viability was also employed, according to standard protocols [8a,9] . To obtain the MFC and MBC values, after the respective MICs were read, aliquots of 10 L were taken from each well that showed no microbial growth and subcultured in Petri dishes containing Sabouraud dextrose agar and Mueller Hinton agar, respectively. Plates were incubated at 37 o C for 24 h (bacterial strains) and at 35 o C for 24 h (fungal strains) and inspected for microorganism growth. MFC and MBC were defined as the lowest concentration of the essential oil at which inoculated microorganisms were killed.
Preparation of ticks and samples of the essential oil for bioassay:
Rhipicephalus (Boophilus) microplus Canestrini, 1881 (Acari: Ixodidae) adult-engorged females were collected from naturally infested Holstein cattle from the State University of Mato Grosso do Sul in Aquidauana, Mato Grosso do Sul, Brazil. Cattle were free of commercial acaricidal products for at least 60 days prior to the experiments. After being washed with water and dried, engorged females weighing between 180 and 200 mg were selected based on their external morphological conditions, according to Bennett [10a] . For each concentration of the essential oil (1.0 and 2.5% solutions in dechlorinated water containing 5% dimethylsulfoxide), 120 pre-weighed ticks (n = 10 x 12 replications -6 treated and 6 controls) were taken. These females were used in the adult immersion test.
Adult immersion test:
Engorged females were tested using the adult immersion test according to Drummond et al. [10b] . Groups of 10 ticks were immersed for 5 min at room temperature in 10 mL of the respective solutions of the essential oil. After treatment, ticks were incubated at 271 o C and 90% relative humidity to allow oviposition. After 15 days, eggs were collected and weighed to calculate the percentage of egg conversion [10a] , and further incubated under the same aforementioned conditions for 15 days. The percentages of hatched eggs and product effectiveness were determined according to Drummond et al. [10b] .
Statistical analysis was performed using STATISTICA 7.0 (Statsoft Inc., 2005) . Treated groups which differed from their controls were submitted to ANOVA and averages of product effectiveness were compared by Tukey test. The significance level was 5% (p < 0.05).
